VOLUME MAY, 1951 NUMBER 


Canadian 
Journal Physics 


Editor: VOLKOFF 


Published THE NATIONAL RESEARCH COUNCIL 
OTTAWA CANADA 


€ 
q 
7 
q 


CANADIAN JOURNAL PHYSICS 


This was formerly Section Canadian Journal Research. The change 
the new name took place January 1951. The CANADIAN JOURNAL 
Puysics published six times annually. 


The CANADIAN JOURNAL published the National Research 
Council Canada under the authority the Chairman the Committee 
the Privy Council Scientific and Industrial Research. Matters general 
policy are the responsibility joint Editorial Board consisting members 
the National Research Council Canada and the Royal Society Canada, 


The National Research Council Canada publishes also the following 
Journals: Canadian Journal Botany, Canadian Journal Chemistry, Cana- 
dian Journal Medical Sciences, Canadian Journal Technology, Canadian 
Journal Zoology. 


EDITORIAL BOARD 


Representing Represeniing 
NATIONAL RESEARCH COUNCIL CANADA 

Emeritus Dean Arts and Science, Professor Physics, 

University Manitoba, University British Columbia, 
Winnipeg, Man. Vancouver, B.C. 

Section 
Macdonald Professor Physical Dean, College Graduate 
Chemistry, Studies, 

McGill University, University Saskatchewan, 

Montreal, P.Q. Saskatoon, Sask. 

Professor Physics, Head, Department Botany, 

Dalhousie University, University Toronto, 

Halifax, N.S. Toronto, Ont. 
Dr. BERTRAND, Dr. CRAIGIE, 

Professor Bacteriology, Department Zoology, 

Faculty Medicine, University Toronto, 

University Montreal, Toronto, Ont. 

Montreal, P.Q. 

officio Representing 

Dr. Marion, Editorial Adviser, THE CHEMICAL INSTITUTE CANADA 
Division Chemistry, Dr. THODE, 

National Research Laboratories, Department Chemistry, 

Ottawa. McMaster University, 


Hamilton, Ont. 
Dr. SAUNDERSON, 
Director, Division Information Services, 
National Research Council, 
Ottawa. 


Subscription rate: $2.00 year. All enquiries concerning subscriptions should addressed 
the CANADIAN JOURNAL National Research Council, Ottawa, Canada. Special 
rates can obtained for subscriptions more than one the Journals published the 
National Research Council. 


*Deceased. 


| 


Canadian Journal Physics 


Issued THE NATIONAL RESEARCH COUNCIL CANADA 


VOLUME MAY, 1951 NUMBER 


THE PENETRATING SHOWERS COSMIC 


Abstract 


Experiments have been carried out sea level measure penetration 
particles from local showers produced lead function the angular width 
the cone shower particles. The shower particles are assumed mesons and 
observed counter arrangements connected coincidence and anticoinci- 

ence. 


The results show that the showers containing the more penetrating 
are those wide angular spread. The multiplicity penetrating particles 
shower estimated least 3.7, and the curve the angular 
shows maximum corresponding shower cone half angle about 15°. 


Introduction 


photographic plate studies high altitudes, stars which include group 
minimum ionization particles (1, 11, 15, 16) are often found. The group 
‘of energetic particles usually follows the same general direction the primary 
particles and becoming accepted that large portion these particles are 
mesons (1, 22). Similar showers penetrating particles have been found 
Wilson expansion chamber tracks (for example: and have been identified 
Fretter (4) mixture protons and mesons. The mesons are 
mesons they are produced locally (19). Lewis, Oppenheimer, and 
Wouthuysen (13, 14) point out the importance knowing the multiplicity and 
the angular distribution mesons produced single primary. This, with 
knowledge the energy the primary, would obviously great 
assistance selecting the best various meson theories. 


The measurements described here are attempt observe the behavior 
local penetrating showers function their lateral spread. 


II. Arrangement 


The experiments were carried out sea level Ottawa means counters 
and lead absorbers arranged shown Fig. The counters were the 
metal type, similar those which have already been described (12), 2.5 cm. 
fivefold coincidence, and the group controlled master circuit (20, 21) such 
way that the remaining counter pulses would not recorded unless 
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impulse from this fivefold coincidence occurred make the circuit sensitive. 
These fivefold coincidences are designated 


counters K,, and were connected individually coincidence with 
and the pulses were recorded separately means multiple pen recorder. 
The thickness the lead absorber was varied between and 35cm. The 
absorbers and were each only cm. thick permit the recording 
penetrating showers, which are significantly softer than those generally 
studied. The absorbers and were each cm. thick and the counter 
groups and with their absorbers give the relative penetration showers 
different angular spreads which are indicated the counters discharged 
the row analyzer counters 


cm. 
SCALE: 
Fic. diagram counters and lead absorbers. 


exact measure the angular width not possible because the geometry 
does not indicate the point the absorber where shower originated. For 
very large showers some the most divergent particles would also missed. 
The shower telescope does not indicate the direction the primary particle 
which produced the shower. However, was mounted vertically and the 
symmetry the arrangement counters was such that the observed showers 
would mainly vertical direction. The number counters discharged 
the analyzer group gives indication the multiplicity penetrating 
particles the shower. The resolving time the counter circuits was 
ciently short that accidental coincidences are negligible. 


Knock-on Electrons Produced Mesons 


single meson crossing the apparatus could mistaken for shower 
produced multiple knock-on electrons. Two such electrons from meson 
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could cause fivefold coincidence three could recorded shower 
discharging plus one counter estimate the maximum possible 
number double knock-on events can made assuming that the 
fivefold coincidences are due double knock-on when counters are dis- 
charged simultaneously (anticoincidences The counting rate the 
anticoincidences M-J 0.5 per hour; this value considered upper 
limit for the number double knock-on events. 


Triple knock-on events can estimated connecting the counters 
three units: (1, parallel, (3, parallel, and alone and recording 
triple coincidences. The triple coincidences represent the number single 
mesons passing through the telescope. This triple coincidence group coinci- 
dence with one counter the row gives the probability meson coming 
out absorber accompanied knock-on electron. The meson rate was 
675 per hour and these were accompanied least one particle 
detected the counters. This agreement with the results Brown 
al. (2) who found knock-on secondary particles under half inch 
lead. 


can assumed therefore that the double knock-on events, repre- 
sented the M-J rate, 0.03 per hour the maximum number triple 
knock-on events that could recorded plus least one counter 
(coincidence M.J counter). Therefore, the frequency the false coinci- 


induced triple knock-on events low compared with the M.J 


(PER 


FREQUENCY 


COUNTERS 


Fic. Angular distribution secondaries from single mesons. 
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coincidence rate, which about 0.5 per hour. exclude errors due double 
knock-on, only the coincidences are used. 


The lateral spread the secondaries from single mesons can deduced 
from the above measurements, wherein counters were connected 
triple coincidence and coincidences recorded between those 
and each the analyzer counters row Fig. shows the lateral spread 
secondary particles accompanying mesons, the abscissa representing the 
lateral spread indicated the extreme counters discharged row This 
figure shows that the secondary particles produced single meson have 
trajectory that rarely very divergent from that the incident meson. This 
had already been noticed Brown al. (2) who find that the secondaries 
produced the mesons 200 Mev. are distributed according law 
being the angle between the two trajectories. the other hand 
the present results show that for 161 recorded events, 226 counters were 
discharged the row, which gives lower limit 226/161 1.4 secondary 
particles accompanying meson. The majority these showers discharged 
only one counter row but sometimes and even counters were 


‘discharged. 


III. Experimental Results 


The frequency the showers discharging the five counters and least 
one the counters (coincidences M.J were recorded function the 
thickness the absorber which was varied between and cm. lead. 
The observed rates are shown Table and are represented curves 
Fig. Integral curve shows the number showers with range greater 
than cm. lead and integral curve the showers range greater than 
cm. lead, i.e., the showers recorded the coincidences M.J 
which least one particle reached the levels and The curves obtained 


TABLE 
Rate per hour the 0.450+0.039 0.517+0.053 0.610+0.053 


Rate per hour the 0.264+0.030 
Rate per hour the 


have approximately similar the transition curve obtained lead 
Janossy and Rochester (9) and shows slight maximum near cm. 
lead However, taking into account the area the counters, the 
observed counting rates curve are higher than those given other 
authors shows that these measurements include rather more than 
the showers usually classed penetrating showers. For and probably 
for cm. lead high counting rate would expected because the 
results include appreciable number energetic cascade electron showers. 
This was also shown making measurements with With this 
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thickness lead the Rossi maximum appears, the integral rate being 0.75 
shower per hour. noted before, the softest showers observed must 
through least cm. lead, and only electrons energy greater than 
Mev. have measureable chance going through this thickness 
absorber. 


CURVE SECONDARIES RANGE 


COINCIDENCES per HOUR 


LEAD 


Fic. the showers vs. the thickness the upper absorber 


cascade units, would necessary start with primary electron 
Mev. penetrate these absorbers. The number electrons with energies 
this order much too small explain the observed rates fortiori 
for cm. lead, the cascade energy would the order Mev. 
Therefore the recorded showers under and cm. lead are probably not 
cascade showers, unless they are due the electron component equili- 
brium with meson component. Such cascades might originate from radiative 
collision mesons, from meson decay flight, from knock-on electrons. 
But obvious that the first and second possibilities are not very likely since 
the probability radiative collision meson very small and the proba- 
bility high energy meson decay flight taking place the apparatus 
negligible. 

Triple knock-on electrons which would recorded showers have been 
discussed previous paragraphs. The frequency these was estimated 
about the recorded showers and these would only mostly within two 
counter widths the axis defined the group. 
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estimate the number air showers (Auger showers) was made the 
use additional tray counters (Fig. This tray had area 
600 and was placed distance cm. one side the main tele- 
scope. The rate coincidence with was found 0.08 0.03 per hour. 
This rate therefore low and one can conclude that the contribution 
counts due air showers small. 


conclusion seems reasonable assume that, though the showers 
studied this experiment include somewhat softer showers than -those 
ordinarily termed the number cascade electron 
showers included very small with and cm. lead and the re- 
mainder are penetrating showers produced the lead absorber 


Penetration Shower Particles 


The penetration the showers can shown the number showers able 
reach the row counters and separated the absorbers and 
the experiments described here the counters each row and were 
connected parallel and takes only one particle activate them. 


1.0 


0.6 


446 


FREQUENCY per HOUR 


100 200 228 250 


Fic. the secondary particles with cm. lead. 


The results are shown Fig. wherein the relative counting rates are 
plotted logarithmic scale against the thickness the lower absorbers. 
The three plotted points represent coincidences M.J, coincidences M.J.K, and 
coincidences M.J.K.L. The points fall straight line. Similar curves 
for different thicknesses also show points falling straight line indi- 
cating that the probability penetrating particles reaching different depths 
lead absorbers exponential function. The mean range deduced from 
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the slope curve like Fig. plotted Fig. function the thickness 
absorber P;. Though the energy the shower particles not known, 
Fig. shows the expected result that more penetrating showers are observed 
with increasing thickness 


shown Part the penetration can studied function the 
lateral spread the showers observing the coincidences and 
relation the position the extreme counters row which are discharged. 
The lateral spread given the position the counters discharged row 
but the direction the center the shower not indicated 
consideration was given symmetry about telescope Tables II, 
and and Fig. the lateral spread indicated the distance counter 


450 


400 


300 


RELATIVE RANGE THE SECONDARIES Pb) 


THICKNESS THE ABSORBER 


Fic. Relative range the showers vs. the thickness absorber 


widths between extreme counters discharged (including the counters dis- 
charged). Lateral spreads were excluded explained above order 
eliminate any appreciable effect due knock-on electrons. Table shows 
the frequency the showers function their lateral spread. 


Table III indicates the frequency the showers stopped absorbers and 
for different lateral spreads. Fig. the ordinates are subdivided show 
the number showers, from which least one particle would reach counters 
K-or Table deduced from Table III shows the ratio the number 
showers stopped absorbers and the number showers not stopped. 
Fig. indicates the relative range the showers function their lateral 
spread. The range calculated according exponential absorption the 
method indicated above and not absolute measurement. 
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TABLE 


Lateral 


counters) 


Frequency 


per hour 


TABLE III 


Total rate 


Stopped per hour 0.022 0.026 0.022 
TABLE 
| | | 


FREQUENCY (PER HOUR) THE SHOWERS 


ANGULAR SPREAD NUMBER COUNTERS 


the showers function their angular spread. represents the showers 
not stopped the absorber represents the showers stopped Qo; and represents 


the showers stopped 
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can see from these experimental data that the case large lateral 
spread almost all the showers through the absorbers and whereas 
about 50% the narrowest showers (spread are stopped the same 
absorbers. other words, the most penetrating showers are the most divergent. 
These results, though rather unexpected, are not contradiction with the 
calculations Peyrou, d’Espagnat Leprince-Ringuet (17, 18). 
These calculations indicate that the probability for the emission meson 
very divergent from the direction the primary, the laboratory reference 
system, greater with the more energetic primaries. the case meson 
shower given number mesons the shower will more divergent the 
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LATERAL SPREAD NUMBER COUNTERS 


Fic. Relative range the showers function their lateral spread. 


greater the energy the primary. assumed that the mesons are created 
one time, that is, implicitly according multiple production process. 
far they are agreement with the calculations mentioned above (in 
particular the multiplicity does not increase rapidly with the energy 
primaries) the experimental results described here favor multiple production 
process regard mesons produced sea level the local penetrating 
showers. 


Angular Distribution 


the experiments were not designed specifically study the angular 
distribution, some information this can obtained the results are treated 
shows the lateral spread showers units counter widths 
described above. the origin the shower were known the lateral spread 
would indicated the angle the cone containing the mesons, this solid 
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angle being projected plane perpendicular the axis the counters. The 
telescope does not indicate the origin the shower but assumed that 
the showers are produced average distance cm. from the top 
absorber P;. This distance corresponds cross section for the production 
penetrating showers primary nucleon the same order the geo- 
metrical cross section the nucleus (7, 23, Most the primary particles 
producing showers will vertical, Walker (24) has shown that the 
distribution primaries sea level strongly dependent the zenith angle. 
these experiments therefore the primary direction can considered 
the axis telescope 


There are two maxima Fig. the first the lateral spread three 
counters and the second the lateral spread seven counters. Their 
presence cannot explained statistical fluctuations even though these are 
large for any one curve. two maxima appear for several values 
though only the curve for The geometry the counters 
was carefully studied calculating the various probabilities record. the 
showers 3,... particles for various origins these showers. From 
this study sensitivity curve was derived for the apparatus, which shows 
collimation effect for the group five counters When corrections are 
made for this, appears that the first maximum corresponding the lateral 
spread three counters very likely due the geometrical arrangement 
the counters, but the second maximum lateral spread seven counters 
certainly real. For the purpose determining its position with more 
accuracy two complementary experiments were carried out. 


CONTROL MEASUREMENTS CONTROL MEASUREMENTS 


NUMBER SHOWERS WITH SPREAD COUNTERS 


ANGULAR SPREAD NUMBER COUNTERS 


Fic. Control measurements the shower rate vs. their lateral spread. 
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the first experiment, instead placing the analyzing counters sym- 
metrically with respect the group five counters six counters row 
were placed all one side Fig. shows the resulting curve for 
cm. lead. improve the statistics second experiment was carried out 
wherein counters were used groups two (in parallel), three groups 
the center counter five. Fig. obtained with this arrangement and 
Fig. both show maximum five counters, the maximum two being 
instrumental explained before. The altered geometry the arrangement 
comparison with the original arrangement displaces the maxima the left. 


From the position this second maximum and the assumption that the 
average level production the absorber cm. from the top, the angular 
width the cone particles this maximum estimated the order 
30°. (The projected angle was multiplied order obtain the 
true angle.) These results indicate the possibility maximum the number 
shower particles making angle 15° with the primary. 


Multiplicity 

cm. lead. The probability for one counter struck several particles 
the same shower low, except the case very dense showers. The 
observed average number particles minimum for this reason and also 
because the particles greatly displaced from the core the shower are missed. 
The results indicate average number 3.7 particles per shower, which 
seems indicate that the showers are pretty well grouped the forward 
direction this number agrees roughly with that found other methods. 
For instance, average four particles found cloud chamber measure- 
ments. 

IV. Conclusions 


The experiments described here were carried out sea level the showers 
range greater than cm. lead. Special care was taken eliminate the 
knock-on electrons from the single mesons. The showers were produced 
lead block placed just above the counters. 

The results indicate that the showers selected are more penetrating with 
increasing lateral spread. the average they have least 3.7 penetrating 
particles per shower contained cone half angle the order The 
results suggest that local penetrating showers could produced sea 
process. With view testing this assumption, further 
observations are considered desirable. 
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SELECTIVE REFLECTION FROM THE VAPORS THE 
ALKALI 


Abstract 


Selective reflection from sodium, potassium, rubidium, and caesium vapors 
the neighborhood the resonance lines was observed for vapor pressures between 
mm. and atm., using steel tube with window transparent magnesium 
oxide. Reflecting power function frequency was measured using 
incident light continuous spectral distribution. The reflection contour for 
pressures 1/2 atm. good agreement with the theory reflection from 
absorbing medium. For each line the damping constant the dispersion 
equations varies the square root the number atoms per cubic centimeter, 
was found previously for mercury and cadmium. For the two members 
the resonance doublet the damping constants are proportional the square roots 
the oscillator strengths. region about wide about each resonance 
frequency the reflected intensity measured experimentally greater than that 
calculated. These lines residual intensity may due second kind 
selective reflection. pressures above 1/2 atm. the observed reflection contour 
cannot explained the simple anomalous dispersion theory. 


Introduction 


Selective reflection from metallic vapors the neighborhood resonance 
lines, discovered Wood (11) for the mercury line 2537A, has been shown 
recently Welsh, Kastner, and Lauriston (10) general quantitative 
agreement with the classical theory reflection from absorbing medium. 
these experiments the variation reflecting power with frequency was 
determined intensity measurements continuum reflected from quartz- 
metallic vapor interface. Experimental reflection contours the region 
2537A and 2288A were fitted calculated intensity distributions 
obtained varying the values the oscillator strength, and the damping 
constant, the anomalous dispersion equations. This procedure was carried 
out for series vapor pressures the metals. The oscillator strength each 
line was independent the pressure and agreement with values obtained 
other methods. The damping constant was found proportional the 
square root the number atoms per cubic centimeter, indicating that the 
mechanism selective reflection essentially different from that absorption 
and emission. For cadmium vapor low pressures line residual intensity 
was left the resonance frequency when the calculated contour giving the best 
over-all fit was subtracted from the experimental contour. pressures above 
atm. was not possible obtain calculated contour agreement with 
experiment variation the oscillator strength and damping constant. 


the present investigation selective reflection was observed for the reson- 
ance lines the alkali metals, sodium, potassium, rubidium, and caesium. 
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These lines, due the transitions are doublets with separ- 
ations varying from 17.2 for sodium 554 for caesium. For the 
smaller doublet separations the two resonance frequencies had taken 
into account simultaneously the interpretation the data. The results 
obtained confirm generally the conclusions reached for mercury and cadmium, 
and, addition, show new empirical relationships connecting the damping 
constant with the oscillator strength and frequency the line. 


Experimental Procedure 


high temperatures the vapors the alkali metals attack quartz and glass, 
causing them blacken rapidly. However, Strong and Brice (1, have shown 
that transparent magnesium oxide (optical periclase) not affected the 
alkali metals, and that possible construct steel cells with windows this 
material, which remain vacuum-tight heating high temperatures. 


Reflection Cell 


Water Sylphon Sprin 


Needle Valve 


Magnesium 
Oxide Window 


Fic. Reflection cell for the alkali metal vapors. (a) Cell and needle valve assembly. 
(b) Detail the window mount. 


The reflection cell (Fig. was steel tube closed one end with mag- 
nesium oxide* window sealed with copper gasket, and fitted the other end 
with needle-valve assembly. Considerable care was required produce 
good seal between the window and the steel tube. magnesium oxide disc 
about mm. diameter and mm. thick, with its plane surfaces polished 
form prism small angle, was ground and polished steel cone taper 
until uniform finish was obtained around the circumference the disc. The 
window was then lapped contact with thin conical copper gasket, which 
turn was lapped the conical opening the end the steel cell (Fig. 10). 
The surfaces contact were thoroughly cleaned before the window and gasket 
were finally pressed into position the cell. Seals formed this manner were 
tight heating but did not always remain tight cooling 
from high temperatures. 


*The authors are indebted Norton Company, Niagara Falls, Canada, who furnished the 
oxide crystals used this investigation. 
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Another, much simpler, method sealing was successful for temperatures 
500°C. The bore the steel tube was enlarged form recess into which 
the circular window disc fitted loosely. The recess the tube was coated with 
silver solder low melting point and the window was inserted. The tube 
was then heated with torch until the solder melted and flowed around the 
window. The magnesium oxide did not fracture cooling and the seal was very 
strong mechanically. Unfortunately, this type seal could not used this 
investigation since, with alkali metal vapors present, the solder melted about 
500°C., hundred degrees below its normal melting point. 


grade sodium and potassium were heated vacuum remove 
the oil and then washed ether. The metal, still covered with ether prevent 
oxidation, was introduced through the open end the cell into which the 
needle-valve assembly was screwed. Rubidium and caesium were prepared 
vacuum reduction the chloride with calcium filings, and distilled into 
glass capsules which were sealed. The capsule containing the metal was broken 
atmosphere argon and inserted into the cell which had been flushed 
with argon. After the needle valve was attached the cell was evacuated and 
then sealed closing the valve. 


The cell was heated differentially wound platinum furnace which ex- 
tended from about cm. front the window point near the outlet 
the vacuum pump (Fig. prevent condensation vapor the window 
was necessary maintain temperature difference about 50°C. between 
thermocouples mounted the cell near the window and near the needle valve. 
The size the temperature difference indicates that the temperatures meas- 
ured were not those prevailing inside the cell. 


Light from tungsten filament lamp was condensed the window the cell 
lens which formed image the source few centimeters front the 
window. second lens collected the light reflected from the inner surface 
the window and formed image the source the slit the spectrograph. 
Because the prismatic form the window light reflected from the outer 
surface did not enter the spectrograph. Since the resonance lines the alkali 
metals occur the visible and near infrared regions Hilger E-1 glass spectro- 
graph was used. The reciprocal linear dispersion was per mm. the 
region the sodium resonance lines and per mm. the region the 
potassium and rubidium resonance lines. The reflected continuum was photo- 
graphed min. Ilford Long Range Spectrum plates using spectral 
slit width for sodium and for potassium and rubidium. Each 
plate was calibrated for intensity measurement photographing, with the 
same exposure time, the spectrum the tungsten lamp with stepped slit 
replacing the usual spectrograph slit. For frequency calibration the spectrum 
Osram caesium lamp was photographed juxtaposition with each spec- 
trum the reflected continuum. The potassium and rubidium reflection con- 
tours were calibrated with respect the resonance these metals which 
were present impurities the caesium lamp. The sodium reflection spectra 
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were calibrated with respect weak caesium line 5844.7A. The absolute 
accuracy the calibration was about 


Experimental Results 


Selective reflection corresponding both resonance lines sodium, potas- 
sium, rubidium, and caesium was observed. The vapor pressure for the first 
appearance the anomalous reflection was about mm. each case. This 
agrees with the empirical rule, deduced from the results mercury and 
cadmium (10), that with increasing vapor density selective reflection first 
appears when the product the oscillator strength the line and the number 
atoms per cubic centimeter reaches value which constant for given 
experimental arrangement. The value the constant depends the resolving 
power the detecting apparatus; for the quartz and glass spectrographs used 
these experiments the value for the first appearance selective re- 
flection about 10". the recent work Siekmann (8), and Cojan and 
Lennuier (2-6), selective reflection the individual hyperfine structure com- 
ponents 2537A was studied; the presence selective reflection was evi- 
dent much lower vapor pressures because the higher resolution their 


methods detection. 


Selective Reflection 
from 
Vapour 


Reflected Intensity 


269mm. 
135mm. 
58mm. 
33mm. 
16850 16900 16950 17000 17050 17100 
Fic. 
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Quantitative measurements the selective reflection sodium, potassium, 
and rubidium were obtained pressures almost atm. set 
intensity calibration curves for different frequencies covering the region 
the selective reflection was used reduce the photographic densities 
intensities. Relative reflected intensities throughout the contour were obtained 
taking the ratio the intensities measured the higher vapor pressures 
those measured low vapor pressure for which the reflection anomaly had 
small extent. Finally reflected was obtained assuming that 
the reflecting power outside the region anomalous reflection was equal 
that calculated for magnesium oxide-vacuum interface from the Fresnel 
reflection formula. For light perpendicular incidence the calculated ‘‘normal 
reflected the sodium resonance lines and 7.13% the 
potassium and rubidium resonance lines, using the refractive indices mag- 
nesium oxjde given Strong and Brice (9). This procedure was very satis- 
factory for reduction the sodium data. For potassium and rubidium, how- 
ever, owing variations emulsion sensitivity with wave length there was 
possible error about selecting the value the relative intensity that 
should put equal the normal reflected intensity. This error has little effect 
the deductions that are made from the experimental results. quanti- 
tative results were obtained for caesium because extreme variations the 
sensitivity Eastman 1-M plates which were used photograph the caesium 
selective reflection. 


selection experimental contours obtained for reflection from sodium 
vapor pressures from mm. 351 mm. shown Fig. The size the 
reflection anomaly increases with increasing pressure except the highest 
pressure where the intensity the peaks has begun decrease. similar 
decrease peak intensity was also observed for the higher pressures potas- 
sium and rubidium. The falling-off the peak intensity high pressures was 
first observed for cadmium (10). 


Interpretation the Results 


For light normal incidence the reflecting power surface given 
the Fresnel formula: 
where and the refractive index and absorption coefficient the reflecting 
medium, and the refractive index the bounding medium. For mercury 
and cadmium was possible calculate and for frequencies close the 
resonance line using the dispersion equations written terms this single 
resonance frequency. However, for the alkali metals, the separation the 
resonance doublet small that two-term dispersion equations must used. 
These can written: 


’ 


| 
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where the hypothetical refractive index anomalous dispersion 
were present, the mean the resonance frequencies and the num- 
ber atoms per cubic centimeter, the damping constant, the oscillator 
strength the weaker line, and the other constants have their usual mean- 
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ings. The oscillator strength the stronger line, equal well 
established for the alkali doublets. 


the wings the contour and, consequently, are negligible, and the 
oscillator strength can calculated from the reflected intensity known. 
This was the procedure used for mercury and cadmium. However, for the 
alkali metals, preliminary calculations showed that values obtained from 
the vapor pressure equations were not correct owing inaccuracy the 
temperature measurements. was therefore necessary use the known values 
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the oscillator strengths calculate from the reflected intensity the 
wings the pattern. The summary Mitchell and Zemansky (7) shows that 
very close 0.33 for all the alkali metals. 


find theoretical curves fit the experimental contours, values 
and were selected and the dispersion equations solved for and series 
frequencies the method used previously (10). The reflection contour was 
then calculated using these values and the Fresnel formula. The 
difference between the calculated curve and the experimental contour indi- 
cated the adjustment required This trial and error process was repeated 
until theoretical curves good over-all agreement with the experimental 
contours were obtained. 


example the fitting shown for sodium 135 mm. pressure Fig. 
and for potassium 117 mm. pressure Fig. pressures above 1/2 atm. 
was not possible, adjusting obtain good agreement between theory 
and experiment. This departure the experimental curve from the form pre- 
dicted theoretically was also observed for cadmium pressures above atm. 
For all the alkali metals, when the theoretical contour giving the best over-all 
fit was subtracted from the experimental contour, lines residual intensity 
were left about the resonance frequencies (Figs. and 4). The residual intensity 
increases with increasing pressure; however, accurate quantitative conclusions 
concerning its variation with pressure and its relative magnitude for the two 
members the doublet could not drawn. The breadth the residual line 
for the alkali metals about for cadmium low pressures about 
for mercury there was only slight indication its existence. The 
breadth the residual intensity seems therefore depend the oscillator 
strength the line. 


Over limited range pressures was possible select values give 
good over-all fit. The results are summarized Table Column gives the 
values calculated from the reflecting power the wings the contour. 
The values the ratio, columns and are seen reasonably 
constant for each line. This agreement with the empirical law, 
which was found hold for mercury and cadmium. 


Other regularities the values the damping constant are apparent from 
the table. For sodium and potassium the ratio close This 
indicates that varies for the two lines the doublet. Thus for each 
these metals Nf, given columns and the table, practically 
the same for the two resonance lines. For rubidium the agreement not 
close; this probably caused systematic error the evaluation the 
per cent reflected intensities. 


The variation from metal metal suggests that may depend 
simple way the frequencies the resonance lines. The values Nf, 
averaged for the two resonance lines, are proportional 1.10, 1.18, and 1.04 
for sodium, potassium, and rubidium respectively. There thus some evidence 
that varies Nf/ for similar spectral transitions. For 2537A 
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equal 0.99, good agreement with the alkali metals; however, for 
equal 3.26, three times great for the other cases. The fre- 
quency dependence therefore does not appear valid for all spectral 


transitions. 
TABLE 


DAMPING CONSTANTS FOR SELECTIVE REFLECTION FROM THE ALKALI METAL VAPORS 


0.34 2.3 3.0 4.0 5.2 
0.57 3.0 3.8 4.0 5.0 
0.93 3.8 4.9 4.0 5.1 
1.25 4.5 5.7 4.0 5.1 
2.4 6.0 7.9 3.9 5.1 
3.1 6.8 3.7 

Av. 3.9 5.1 6.8 6.2 
4.9 6.8 5.3 7.3 
1.31 6.0 8.3 5.2 7.2 
27665 2.1 7.6 10.2 5.3 7.1 
3.5 9.8 5.2 7.2 
4.2 10.9 5.4 

Av. 5.3 7.2 9.2 8.9 
0.55 3.8 4.5 5.1 6.1 
4.9 5.7 5.3 6.2 
27800 1.34 6.4 6.8 5.5 5.9 
1.8 6.8 9.4 5.1 7.0 


The outstanding features selective reflection shown the investi- 
gations mercury, cadmium, and the alkali metals may summarized 
follows: 


(a) Over range vapor densities, which varies for the different metals, 
the contour the selective reflection can explained terms the classical 
theory reflection from absorbing medium. The oscillator strength 
independent density and has value which agrees with that found other 
methods. The damping constant proportional and thus differs funda- 
mentally from the damping constant for collision broadening emission and 
absorption which proportional Nf. This characteristic variation the 
damping constant with the square root the density may due the fact 
that selective reflection surface phenomenon. 


(b) most cases residual intensity left the resonance frequency when 
the theoretical contour subtracted from the experimental contour. This line 
probably has close relationship resonance fluorescence, and may due 
second kind selective reflection which has its origin coupling the 
atoms absorbing and re-emitting resonance radiation higher densities. 


(c) the higher vapor densities investigated the peak intensity the 
selective reflection decreases and the pattern broadens more rapidly with in- 
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creasing density. This effect, which not explicable terms the simple 
anomalous dispersion equations, might understandable the basis 
dispersion theory coupled oscillators. would interesting extend the 
experimental work very high densities vapor with strong resonance 
absorption. This might possible using the resonance line mercury 
1850A, for which, however, selective reflection has not yet been observed. 
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THE SUDDEN INCREASE COSMIC RAY INTENSITY, 
NOVEMBER 19, 


Abstract 


Cosmic ray counter telescopes were continuous operation November 19, 
1949, Ottawa (geomagnetic lat. 56.8°N) and Resolute (geomagnetic lat. 
83°N) the Canadian Arctic. The two sets apparatus were identical and 
consisted mainly two counter telescopes, one with six inches and the other 
with inches lead between counters. Ottawa the counting rates the 
individual counter trays were recorded well that the coincidences. 


November about 1048 GMT sudden increase occurred Ottawa. 
The maximum intensity reached about 70% above normal few minutes, 
then decayed slowly normal about four hours. increase was similar 
both counter telescopes and the individual counter trays. Resolute 
increase was noted but different type. The intensity did not rise suddenly 
but increased slowly about 20% above normal and returned normal again 
about three hours, centered about 1140 results and those 
other observers indicate that the beam rays responsible for this increase must 
strike the earth limited area only. Some deductions can made about 
the extent this area. 


Introduction 


least four occasions during more than decade continuous obser- 
vation, cosmic ray records (7) have shown phenomenal increase intensity 
associated with solar flares. recent calculations (2, indicate that 
solar source cosmic rays, least source within the local galaxy, may 
acceptable, these solar flare effects are extremely important and should 
studied much detail possible. 


Forbush, Stinchcomb, and Schein (7) published the results the four cases 
which were observed with Compton—Bennett meters. The latest these four, 
November 19, 1949, was the most intense noted the present, and other 
groups France, Holland, and England (5, have published results 
measurements taken the same time. 


The results* described detail here were taken Ottawa, Canada 
(geomagnetic lat. 56.8°N) and Resolute (lat. long. 
geomagnetic lat. 83°N) the Canadian Arctic. The station Ottawa had 
been operating almost continuously since October 1948. Resolute the 
equipment was installed during August 1949 the joint Canadian—American 
weather station. was installed building used for ionosphere measure- 
ments operated the Department Transport the Government Canada. 
Except for few minor equipment and power failures has been continuous 
operation since September 1949. 


II. Description Apparatus 


planning the equipment for the two stations was desirable that the two 
sets identical. Power and space Resolute were limited and fully automatic 


received November 11, 1950. 
Contribution from the Division Physics, National Research Laboratories, Ottawa, Canada. 
Issued N.R.C. No. 2364. 
*NOTE: short note these results has already been published. (See ref. (10).) 
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operation was essential. The experiment was planned therefore get max- 
imum amount information from four counter trays, two sets double 
coincidence equipment, and quadruple coincidence channel for measurements 
showers. The arrangement counter trays shown Fig. which 
approximately scale. Each the trays and contains two brass counter 
tubes in. diameter and in. effective length. Tray contained five similar 
counters. The trays were made gauge aluminum. The whole apparatus 
was placed temperature controlled box. The total roof covering Res- 
olute consisted about 2.5 in. wood and some cork and glass wool insula- 
tion. Ottawa the covering was rather less, consisting about in. 
wood with in. rock wool insulation. Only light shielding in. lead) was 
placed under the bottom tray the apparatus was either floor level close 
ground just over thick concrete roof. 


Fic. Arrangement counter trays and lead absorber. 


The lead shielding between counters was arranged that using two 
coincidence channels the intensity could measured simultaneously through 
two different thicknesses. Coincidences between trays and represent the 
vertical intensity through in. lead, and between and the vertical inten- 
sity through in. lead. The counts tray were recorded separately, 
giving nondirectional intensity, with minimum shielding in. lead 
the sides and greater amount top. Coincidences were also recorded between 
trays and the (1, channel combined with the (2, was used record 
quadruple coincidences. The (2, results are little interest, largely repre- 
senting soft horizontal particles, and the quadruples, representing showers with 
penetrating particles, came too low rate show any significant increases 
the time the solar flare. Therefore, they will not considered further 
this paper. Ottawa the counts each individual tray and the coincidence 
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channels were recorded, but Resolute the records were limited tray and 
the coincidence channels. 


The electronic components the equipment will described separate 
publication and will discussed only briefly here. each tray there was 
partial quenching circuit designed increase the life the counter tubes 
(alcohol and argon filled) and reduce the tendency double counts. This 
was followed cathode follower stage reduce the impedance that long 
cables could used. Pulse shaping and discriminator circuits followed, and 
coincidences were formed adding the pulse the grid pentode rather 
than the more conventional Rossi circuit. The time resolution was about 
two microseconds. cross checking system was used wherein the coincidence 
mixing circuits are duplicated, and watching duplicate outputs scalers 
the behavior the whole system can checked accurately. Continuous 
checking was carried out Ottawa, and periodic spot checks Resolute. 
The scalers were binary types with four and eight stages. Ottawa some early 
models with three stages were used the coincidence channels. Every time 
scaler completed its cycle this was indicated message register and also was 
recorded the paper tape Esterline Angus 20-pen operation recorder. 
Time marks were also put the Esterline Angus tape every minute. The tape 
moved the rate foot hour that the time each cycle the scalers 
could observed within few seconds. 


This system recording gives great deal detail. Averages over long 
period (12 and hr.) were usually recorded reading the message registers. 
For more detail the the tape the 20-pen recorder were counted. 
Hence any period averaging could used down the time involved the 
completion one cycle the scalers. Ordinarily, for studying meteorological 
variations intensity four-hour averages were taken, but, the the 
solar flare effect, periods down two three minutes were used. 


III. Results 


Fig. shows plot the variation intensity Ottawa November 
21. The abscissa represents GMT and the ordinate, the percentage the 
mean taken for about hr. before the solar flare effect. Fig. shows the same 
results for Resolute. The points plotted before 0800 GMT November 
are four-hour averages the case Fig. and one-hour averages the case 
Fig. both figures the points shown the days following November 
are four-hour averages. The period averaging was shortened immediately 
before and during the increase intensity. get detail here, the time interval 
between one five pips (depending the channel concerned) was measured 
therefore, the plotted points indicate average over varying periods two 
three minutes. the height the peak these intervals were overlapped 
give maximum detail without too high statistical error. Figs. and 
the time scale between 1030 and 1330 hours has been expanded shown. The 
accuracy indicated vertical bars representing twice the square root the 


230 CANADIAN JOURNAL PHYSICS. 


number counts during the period averaging expressed percentage 
the counting rate the time where the bar appears. These accuracies are 
shown with each curve, for the four-hour period (except the case counter 
trays and wherein the statistical error about equal the thickness 
the dots) and for the shortest period used the height the peak. All 


10.30 13,30 
NOV. 


Fic. The sudden increase Ottawa. The time scale expanded between 10.30 and 13.30 
GMT November 19. 


other points will have accuracy somewhere between these extremes. Since 
increase was not sudden Resolute Ottawa the shortest period 
used for averaging was min. 

Table shows the mean counting rates for each recorded channel before the 
solar flare, the maximum height the increase, and the error represented 
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the square root the number counts during the shortest time interval. The 
statistical error the magnitude the increase, were separated from 
the background, would somewhat higher than indicated the percentage 
errors Table and the bars Figs. and The errors shown however 
serve estimating the significance changes intensity where such signi- 
ficance may questionable. The actual height the peak Ottawa difficult 
estimate accurately, the maximum intensity lasted for such short period. 


COINCIDENCE 


10.30 
NOV. 


Fic. The increase Resolute. The time scale expanded between 10.30 and 13.30 GMT. 


TABLE 
Counter tray Rate per min. Height Error top 
348 170 2.8 
816 162 1.5 
199 155 2.8 
(1, 16.4 180 11.0 
(1, 4.5 192 18.0 
| 
Resolute 
4.5 122 10.0 
197 112 1.5 


IV. Discussion 


The difference between the increases Ottawa and Resolute very 
striking. The Ottawa record shows the typical solar flare increase—a very 
sudden intensity followed decay resembling exponential curve. 
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The increase Resolute started gradually, the intensity remaining high for 
centered the time scale about 1140 GMT—definitely later than the 
increase noted other North American stations, but more consistent time 
with the increase noted Dauvillier (5). 


the Resolute increase small its significance was examined carefully 
view meteorological and statistical variations. the case tray and the 
(1, coincidence channel the intensity change was enough above expected 
statistical variations indicate very high probability that real. The 
counting rate the (1, coincidence channel low that the increase 
this case not clearly shown. the time occurred there were meteor- 
olegical conditions that would account for such short-period increase the 
magnitude found. The four-hour averages were plotted for period several 
months see whether such occurrences were common. Though individual 
counters near the end their lives occasionally run fast for short periods, there 
were other occasions where increases were noted simultaneously inde- 
pendent recording channels and only one case where unexplained increase 
occurred one counter tray. seems justifiable therefore assume that the 
increase found Resolute real, though were much lower magnitude its 
significance would questionable. 


The Ottawa results show roughly the same percentage increase for lightly 
shielded counters, and for coincidence channels with in. lead. 
Table shows differences the maximum height the peak but the intensity 
over the short period where maximum difficult measure accurately. 
The decay rate seems appreciably different the results from different 
recorded channels. The decay normal intensity slowest the case trays 
and and quickest the case the (1, coincidence channel, which has 
the thickest absorber. this significant could the result some direc- 
tional effect the rays causing the increase. The shape the decay part 
the peaks Ottawa was examined carefully see whether any secondary peak 
was apparent which might match the Resolute results. There evidence 
matching between the two stations. 


Besides the sudden increase and its decay, the curves Fig. show other 
variations intensity. The results from the two coincidence channels show 
decrease just before the sudden increase which large enough indicate 
reasonable probability that real. Its significance however not apparent. 
There also small increase (about 10%) lasting nearly day (November 
20-21) the unshielded counter tray results (Nos. and 2). This almost 
certainly meteorological variation. Meteorological changes intensity the 
soft component are known great, particularly when the measuring ap- 
paratus sensitive gamma rays from radioactive matter brought down 
precipitation. 


corrections were made for barometric variations, very doubtful 
whether such corrections would enhance the value the results. Analyses 


will 
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intensity relation barometric pressure have been made for both stations, 
and barometer coefficients were calculated (11). The correlation coefficients 
are low that significance can given individual variations inten- 
sity few per cent spread over many hours. importance therefore at- 
tached indicated differences few per cent the intensity levels for 
periods before and after the solar flare effect. 


two other occasions where sudden increase was observed (7) was fol- 
lowed some hours later sudden decrease the order 10% which took 
some days recover. third case such decrease was reported Chak- 
roborty and Chatterjee (3). These decreases coincide with the “sudden com- 
mencement” magnetic disturbance. the November 19, 1949, occasion 
sudden decrease corresponding magnitude occurred any the stations 
that have reported results. 


When the results Forbush, Stinchcomb, and Schein (7), Dauvillier (5), 
and Clay and Jongen (4) are considered with the above measurements rough 
picture may deduced areas where the beam causing increase intensity 
struck the earth. Forbush a/. found increases about 30% and 40% above 
background Godhavn and Cheltenham respectively, much greater increase 
Climax (3500 above sea level), none Huancayo and about 25% 
Christchurch, New Zealand. Assuming that the great increase Climax (180% 
above background) due altitude, their results alone suggest normal lati- 
tude effect with intense soft component causing the enhanced effect high 
altitude. The small increases Resolute and European stations indicate how- 
ever that the world-wide effect more complicated. The intensity the 
increase Ottawa was significantly higher than that Cheltenham and 
Godhavn and therefore not consistent with normal latitude effect. 
exact intensity comparison between counter measurements and ionization 
chamber measurements course, not too reliable, but, for the same spectrum 
and shielding, intensity variations measured the two methods should not 
differ greatly. 


Though the Ottawa results show small differences the intensity increase 
measured under different absorber thicknesses the significance these differ- 
ences hardly definite. The general similarity the height and shape the 
peaks suggests that the rays causing the increase are similar nature and 
spectrum normal cosmic rays. The phenomenal increase Climax may 
therefore due its geographical position rather than its altitude. The inten- 
sities recorded different stations can then explained assuming that the 
rays responsible for the increase strike the earth narrow cone, perhaps 
irregular shape perhaps sweeping across the surface the earth like the 
path total solar eclipse. 


the latter assumed, some information about its path can deduced. 
the highest recorded increase occurred Climax the center the path 
assumed pass through that point. The increase Cheltenham slightly 
greater than that Godhavn. Therefore the path should pass between these 
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two, slightly nearer Cheltenham. This puts Ottawa nearer the center the 
path than either Cheltenham Godhavn and therefore consistent with the 
magnitude the increase noted here. The path would then move out over the 
Atlantic Ocean, missing Western Europe. Such path shown Fig. with 
the location the stations where observations were taken. 


The small effects Resolute and Dauvillier’s results both occurring time 
later than that the increase other stations could imagined some 
shadow penumbra effect possibly due particles different orbit. This 
narrow cone cannot represent the whole picture, the results Christchurch 


CLIMAX 
180% CHELTENHAM 


Fic. section the northern hemisphere showing possible center line narrow beam 
that could produce the observed 


indicate that something also happening the southern hemisphere. The 
possibility such beam particles striking the earth equatorial regions 
some occasion indicated the results Chakroborty and Chatterjee (3) 
who found some evidence increase January 25, 1949, even though they 
observed only the decay part the increase. Their ionization chamber was not 
operation when started. 


Such narrow cone particles must only about 3000 miles wide the 
surface the earth. This would subtend very small angle the sun, par- 
ticularly the path would not rectilinear. 1045 GMT November 
the sun would not have risen over the North American continent. 
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Summary Conclusions 


The measurement the sudden increase intensity November 
Ottawa indicates that the percentage increase the same order for lightly 
shielded counters for double coincidence units with much in. 
lead between counters. The-results show slightly higher increase the harder 
rays and some differences the shape the decay intensity but the signi- 
ficance these questionable. seems likely therefore that the increase 
due rays the same nature normal cosmic rays, least far their 
effect sea level concerned Resolute the Canadian Arctic the increase 
was relatively small, different form, and centered somewhat later time. 


These results, combined with other measurements Forbush, Stinchcomb, 
and Schein, Dauvillier, and Clay and Jongen, suggest that the rays causing 
the main increase strike the earth narrow cone which the northern 
hemisphere crosses the North American continent but does not strike Europe. 
Some weaker cone penumbra effect different path may account for the 
smaller and more delayed effect Resolute. 
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STATISTICS LINEAR PARAMAGNETIC MACROMOLECULE! 


Abstract 


The partition function linear composed paramagnetic 
atoms subject the Ising interaction calculated for arbitrary From 
the partition function the expressions for the specific heat and the initial para- 
magnetic susceptibility are obtained. shown the example the suscepti- 
bility that the procedure, customary statistical mechanics, which consists 
using the asymptotic expressions (N— describe actual physical systems 
very large, but finite) should used with some caution the region very 
low temperatures. 


Introduction 


consider this paper finite linear chain paramagnetic atoms which 
interact with one another way first discussed Ising (2). particular, 
calculate the magnetic susceptibility such Ising 
The problem itself not very exciting one. Our fictitious macromolecule 
not likely constitute suitable model for any actual macromolecule. 
However, the Ising interaction has been extensively used (see, for instance, 
Kramers and Wannier (4); Onsager (5); Kaufmann and Onsager 
obtain some idea what happens the case the exchange interaction, 
which much more difficult treat rigorously, and also the case the 
transformations binary alloys. Even the case the Ising 
interaction, rigorous calculation the partition function has far been 
performed only for infinite linear chain atoms and for various types 
infinite two-dimensional crystals.* Undoubtedly, the limiting case which 
the number atoms composing the system tends infinity the most 
interesting one, because only that case there possibility for sharply 
defined transition points occur. Nevertheless, the fundamental question 
remains what extent the equations derived for represent satis- 
factory description actual physical systems, for which necessarily finite, 
however large might just with this question mind that have 
carried out the calculations presented this paper. chose the Ising linear 
model because its simplicity. There are probably not many other reasonable 
physical models for which closed analytic formula for the partition function 
could obtained for arbitrary 


Assumptions Regarding the Macromolecule 


What have called Ising macromolecule linear chain equi- 
distant identical atoms. Each atom carries magnetic dipole which 
capable only two orientations. interaction energy between two 


received December 18, 1950. 
Contribution from the Department Physics, the University British Columbia, Van- 
couver, B.C. 
should mentioned, however, that some numerical calculations for small values 
and magnetic field have been done Fokker (1). 


OPECHOWSKI AND BRYAN: LINEAR PARAMAGNETIC MACROMOLECULES 237 


adjacent atoms depends only the relative orientation their dipoles; the 
contribution given pair adjacent atoms the total energy the macro- 
molecule changes its sign but not its absolute value the two corresponding 
dipoles change their relative orientation from parallel antiparallel one 
vice versa. There interaction between atoms which are not direct 
neighbors. 


state the macromolecule determined specifying the orientation, 
with respect some fixed direction, all dipoles. the basis these 
assumptions, the energy given state is: 


where 
the number pairs adjacent atoms whose dipoles are anti- 


parallel each other; 

Q.(Q_) the number dipoles parallel (antiparallel) the homogeneous 
magnetic field 

constant interaction which plays here the same part the 
exchange integral the Heisenberg model ferromagnetism; 
may positive negative, these two cases corresponding 
interactions ferromagnetic antiferromagnetic type respectively. 


order put Equation (1) into form suitable for calculation the 
partition function, first number all atoms the macromolecule, beginning 
one its ends: Second, characterize each state 
dipole the k-th atom antiparallel with respect the direction and 
the dipole parallel. Expressing terms the o’s have: 


Equation (1) may then rewritten 
The partition function the macromolecule therefore: 
where 


and being the Boltzmann constant and the absolute temperature respect- 
ively. Hence, the free energy the macromolecule is: 


q 
i 
| 
j 
| 
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shall interested, particular, the specific heat and the initial 
paramagnetic susceptibility the macromolecule. These are obtained 
from the free energy differentiation: 


Calculation the Partition Function 


One way calculating begins with rewriting Equation (4) 
where 


N-1 
k=1 k=1 


Then the following pair recurrence relations results immediately: 
8 


obtained from that composed atoms adding one extra atom one 
the ends. Although Equations (10) have far been established for 
only, easy verify that they will hold also for provided define 
the partition function one free atom the presence the magnetic 


The idea splitting the partition function into two terms, the way 
indicated Equations (8) and (10), order obtain the recurrence relations 
due Kramers and Wannier Kramers and Wannier were 
interested the case that tends infinity and for that reason wrote 
Equations (10) form already adjusted this special case.* 


Starting from Equations (10) easy show that the partition function 
given, for any the matrix equation: 


a 
N e e° a e2 
The problem thus reduced calculating arbitrary powers the matrix 
* 
(13) 


which easily done using procedure suggested Montroll and quoted 
Kramers and Wannier Although have carried out these calculations, 


Kramers and Wannier did calculate, for any value the partition function closed 
ring shall later quote and use result. 


| 

| 
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prefer follow here another, more straightforward way obtaining the 
same results. 


This other way calculating starts from the single recurrence relation 


whose validity may checked directly, proved adding the two Equations 
(10) side side and using Equation (8). 


First, show that 


where and are arbitrary constants, solution Equation (14), provided 


Multiplying both sides Equation (15) As, find after making use 
that equation again: 


This identical with Equation (14), Equations (15) are satisfied. 


may note passing that the Recurrence Relation (14) may obtained, 
upon using Equation (12), directly from the previous matrix formulation 
observing that the Matrix (13) must satisfy its own characteristic equation, 
whose roots are just and This establishes the link between the two 
methods calculating Zy. 


Next, determine the two constants and Equation (15) has the form 
find and soon know the term its left-hand side for two different 
values Now, the very simple calculation that leads from (15) (18) 
obviously valid even for that may determine and from the 


Solving Equations (19) with respect and find: 


(20) 


These equations when combined with Equation (15) yield 


; 
| 
| 
| 
| 
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Now, given (11); calculate directly from (4): 
Finally, using Equations (21), (22), (11), (23), and (17) obtain: 


20 


The expression for the free energy the macromolecule follows immedi- 
ately substituting (24) into (6). 


For the free energy per atom Fy/N reduces, can seen 
from Equations (24) and (6), the well known expression: 


Equation (25) could have been obtained directly from the Recurrence 
Relation fact, for the ratio must become inde- 


Hence, Equation (14) goes over into quadratic equation whose 
larger root This means that, for 


where does not depend that with the aid (6), Equation (25) fol- 
lows immediately. 
Specific Heat and Magnetic Susceptibility 


Making use Equations (6), (7), and (24), obtain, after some elementary 
calculations, the following expressions for the atomic heat Cy/N and 
the atomic magnetic susceptibility macromolecule composed 


atoms: 
cosh 


where, previously, 


| 
= 4 
2kT 
— 
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For and fixed value these equations reduce 


cosh 


Equations (28) and (29) have already been derived others (see, for instance, 
Kramers and Wannier (4) and can, course, very easily obtained directly 
from Equation (25). 


The difference between the expression for and that for rather trivial: 
sufficiently large. 


The situation less simple regard and 


the temperature not too low not too large), Equation (29) obvi- 

ously may used satisfactory approximation formula also for finite 

provided sufficiently large. fact, the ratio tends unity for 

any the temperature increases indefinitely and the macro- 

molecule behaves like assembly free atoms, each obeying the same 
Curie law: 


the region low temperatures large), may happen, however, 
that Equation (29) does not represent correct approximation the actual 
temperature dependence the susceptibility the macromolecule, even 
very large. fact, for any fixed value however large might be, 
there always exists temperature below which the temperature dependence 
widely differs from the temperature dependence Mathematically 
speaking, the convergence not uniform. follows that 
can longer used approximate formula for the susceptibility 
macromolecule, which necessarily composed finite, fixed number 

atoms. 


The truth these statements may seen from the form that Equation (27) 
assumes when the temperature tends zero being kept 
constant: the region temperatures for which the condition 


satisfied Equation (27) reduces either 


| 
= 
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The physical interpretation these equations very simple. sufficiently 
low temperatures, the lowest energy state the macromolecule plays the 
decisive part, least the lowest state magnetic all. 


positive, the lowest state corresponds all dipoles being lined up, 
that the macromolecule behaves like free dipole magnitude Conse- 
quently, obtain for the susceptibility the Curie law expressed 
Equation (32). 


negative and odd, all dipoles but one are the lowest 
state, that the macromolecule behaves like free dipole magnitude 
which leads again the Curie law with correspondingly smaller value 
the Curie constant: 


positive and even, all dipoles are the lowest state, 
that this state not magnetic and gives contribution all the suscepti- 
bility. Consequently, the part played the lowest state the two previous 
cases taken over the first state (which highly degenerate). 
Hence, the exponential decrease the susceptibility with the decreasing 


temperature: 


get estimate the order magnitude the temperature below which 
Equation (29) certainly not valid, evaluate Inequality (31) numerically. 


Ordinate: for linear macromolecules; the corresponding curves are 
marked with 
for ring macromolecules; the corresponding curves are 
marked with 


i | 
R 
1.0 
or 0.6 
K° 
0,2 
= 
1.0 2.0 2.4 
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far the Ising interaction between atoms linear macromolecule can 
ascribed any physical reality all, value 0.01 volt for seems not 

unreasonable. assume, for instance, that 500, find that In- 

equality (31) will satisfied the region the liquid helium temperatures. 


the case actual three-dimensional crystals, larger factor 
Inequality (31) also this case, should conclude that the validity 
equations derived for may already doubtful temperatures which 
can obtained adiabatic demagnetization from the region the liquid 
helium temperatures. 


the same figure also show graphs the ratio asa function 
0), for and 100, being the atomic magnetic susceptibility 
ring macromolecule composed atoms subject the Ising interaction: 

N 


= 


Kramers and Wannier (4) have shown, the partition function ring 
macromolecule simply 


where and are given Equations (17). Starting from Equation (37) 
one easily obtains Equation (36). 


Also the case ring macromolecule, there lack uniform con- 
seen from Fig. the deviation from the asymptotic behavior begins 
noticeable the case ring macromolecule considerable lower tempera- 
ture than the case linear macromolecule. 


get some idea how the graphs would appear the case 
sufficient note the following relationships. 


the case ring macromolecule have: 


the case linear macromolecule have similarly: 


odd, such simple relationship exists for arbitrary However, 
for very low temperatures have: 


| 
| 
j 
: a 
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ADAPTATION CHEMICAL BALANCE FOR PRECISION 


Abstract 


Present manufacturing practices not tend provide for the efficient con- 
struction balances extreme precision. Accordingly, satisfy the need 
for balance capable determining the difference between weights 200 
gm. nominal value precision one part 10’, standard chemist’s balance 
was successfully modified without any serious difficulty. 


Introduction 


For weighings metrology and other fields where accuracy excess 
one part required, satisfactory balances are becoming increasingly 
difficult obtain. The decline the master craftsmanship necessary for the 
construction such balances, the delays involved the assembly custom 
built instrument, and the tedious, extended operations required for the final 
adjustment make the cost disproportionately high. The effect the disruption 
schedules the regular production makes him additionally 
reluctant give such instrument the full attention deserves. 


the Metrology Section the National Research Laboratories there was 
need for balance capable weighing the 100 gm. 200 gm. interval toa 
precision one part using single Gauss exchange. view the above 
difficulties was decided purchase relatively cheap chemical balance (the 
cost was less than $200.00) and modify meet the requirements. 


Selection Balance 


The factors governing the selection the original balance were: 

(1) The beam was light and short rigid truss design assure 
relatively short period and minimum departure from linear load sensi- 
tivity relationship. 

(2) The knife-edges were assembled capable precise and 
independent adjustment for height, parallelism, and equality arm length. 

(3) The pan suspension was the knife-edge equivalent 
type, that turning moment about the longitudinal axis could imparted 
the beam slight differences the positioning the weights the pans. 

(4) The arrestment was locate the end planes positively assure repe- 
titive centering the load the knife-edges. 

The construction was sufficiently free from obstructions permit 
ready manipulation the weights Gauss weighings, and allow the modi- 
fications effected. 


Contribution from the Metrology Section, Division Physics, National Research Labor- 
atories, Ottawa, Canada. Issued N.R.C. No. 2376. 
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From the balances available Sartorius analytical balance Nr. was 
selected. Fig. shows, the left, balance similar the original, while 
the right the balance here described after completion. 


Modifications 
Mounting and Case 


The equal arm balance extremely precise instrument, and one the 
few laboratory devices that seldom used the full extent its accuracy. 
For yield optimum performance must not only well adjusted, but 
must used temperature-controlled, dustless, and preferably windowless 
room. should mounted concrete pier which is, turn, firmly set 
rock imbedded earth sand reasonably free from vibration. The balance 
must not subjected irregular unequal illumination, air currents, and 
should far possible shielded from the thermal disturbances caused 
the operator. The need for shielding becomes obvious when realized that, 
achieve accuracy one part 10’, the maximum change which may 
occur the difference between the mean temperatures the two halves 
aluminum beam during Gauss weighing 0°.008 

The mounting problem presented difficulty since bedrock readily avail- 
able the Mass Room the Laboratories. protect the beam aluminum 
case, polished and clear lacquered the outside and painted dull black the 
inside, was assembled within the original case. 


Bearing Edges and Leveling Equipment 

The three planes were checked for flatness and where necessary were lapped 
precision 0.00002 in. over the bearing surface. The surfaces defining the 
bearing the knife-edges were also checked for flatness. The center 
flat was removed and recemented plane more nearly normal the column. 
This plane was then brought exactly horizontal and two level vials, sub- 
stituted for the original plumb bob, were adjusted suit. 


Indicator System 

With the common form indicator finger, increased sensitivity can ob- 
tained only raising the center gravity the moving system and thus 
increasing the arc swept the beam for corresponding change load, and 
also, incidentally, increasing the period swing. This procedure inadvisable 
for several reasons. The knife-edge does not assume its ideal shape but, with the 
plane, deforms under the high pressures loading, and may taken having 
cylindric form, with radius the order This causes change 
the effective lengths the arms the beam departs from the horizontal. 
noted that for balance this size (14 cm. beam length) the desired 
accuracy requires constancy arm lengths within during weigh- 
ing. Furthermore, large deflection puts side strain the knife-edges their 
point attachment the beam and may cause distortion and resulting inac- 
curacies. Finally, the angular deflection the beam not linear function 
the load inequality, and since desirable use linear interpolations 
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sensitivity calculations becomes necessary that the higher order terms this 
deflection remain negligible. 

These difficulties were overcome and high sensitivity was obtained 
using light-beam system which, with the exception the light source, was 
completely contained within the upper portion the case. The rider system, 
because the errors inherent its use and since the modifications rendered 
superfluous, was dispensed with. its place the beam small aluminum 
bracket was mounted, carrying very light mirror placed with its aluminized 
face down. (D, Fig. 2). This mirror was positioned have its reflecting 


Fic. Schematic section optic system. 


surface the same level the knife-edge, but inclined slightly downward 
toward the back. This once practically doubled the indicated angle with 
respect the beam deflection. The light was passed through line ruled 
aluminized glass disc, located the back right-hand corner the 
balance, thence prism, and vertically upward through the lens, the 
beam mirror. was then reflected series front surfaced mirrors iorm 
image the line scale, mounted the front the case. 


This system yielded the equivalent indicator finger metres length, 
and permitted sensitivity 0.01 mgm. per double millimetre division 
without causing angular deflection the beam excess one degree off 
balance point for loadings within the nearest milligram true balance. 


Arrestment, Pans, and Adjusting Devices 

The original pan arrestment rotated slightly about vertical axis when 
released, and since made contact against surface the pan, imparted 
swinging motion the latter. The arrestment was therefore altered spring- 
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loaded point contact type. was also necessary, for the standardization 
weights, substitute flat pans for the existing concave style. 


The balancing nuts, formerly located the top the beam, were removed 
and placed beneath the beam position somewhat closer the knife-edge, 
correct some measure for the shift the center gravity due the 
removal the pointer. The sensitivity bob, originally fitted slide the 
pointer, was removed, and screw adjustment type fitted secure more 
sensitive setting. 

Adjustment 


The degree arm equality was determined taking the balance point (a) 
load, and from the mean the rest points for double weighing 
200 gm. load. From the moments about the central bearing and the sensitivity 
the balance the adjustment necessary can calculated. Since the instru- 
ment was used only for Gauss Borda (substitution) weighing, the 
balance point would always cancelled the calculations, but facilitate 
operation reasonable constancy desirable. final figure 0.2 mgm. shift 
from load full load was attained, representing arm inequality 


The knife-edge height was adjusted give decreasing sensitivity for 
increasing load. This preferable metrology work since yields better 
parts per million reading smaller mass units. 


Gould (2) defines sensitiveness the ratio the deflection the 


mass increment one the pans causing this deflection. finds: 
Gs+2a(P 


where: 
the effective length each arm the balance, 
the mass the beam alone, 
the height the central knife-edge above the C.O.G. the beam, 


= 
the distance the central knife-edge above the plane containing 
two outer knife-edges, 
the beam deflection due mass added one the pans, 
the load each pan (before the addition 
the mass one pan with suspension, etc. 
For convenience calculation, defining the sensitivity the inverse the 
sensitiveness, 


Hence linear sensitivity vs. load curve indicates zero beam distortion with 
increasing load. The slope this curve depends such curve therefore 
aids the final adjustment the heights the knife-edges and the deter- 
mination the beam deflection. 
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the actual adjustment the balance the parallelism the end knife- 
edges was checked means special stirrup through which the load could 
alternately centered the front and rear the knife-edges under examina- 
tion. this means, and the principles relating arm inequality and load- 
sensitivity relationships just mentioned, the departures from parallelism the 
knife-edges both the horizontal and vertical planes were determined. The 
former was adjusted within sec. arc (0.2 mgm. shift for 0.25 in. 
motion along the knife-edge 100 gm. load). sensitivity change for 
similar magnitude motion along the knife-edge was permitted. 


The check was repeated determine the effects subsequent alterations 
previous settings, and, where necessary, further adjustments were made. 


Results 


When finally adjusted the balance yielded sensitivity ranging from 0.124 
mgm. per double centimetre division load 0.177 mgm. per double 
centimetre division full load. The beam was found deflect and change the 
value between load and 200 gm. 

Finally the accuracy weighing was determined using six weights 100 
gm. nominal value. These were weighed one against the other all possible 
pairs using single Gauss exchange, and the differences determined. The results 

then adjusted the method least squares and the probable values 
the differences obtained. The results are given Table where the residuals 
show the departure the weighed values from the probable values. 


TABLE 


COMPARISON WEIGHED AND MEAN SQUARE 
ADJUSTED DIFFERENCES FOR ALL POSSIBLE PAIRS 
SET SIX 100 GM. WEIGHTS 


combination difference, mgm. difference, mgm. Residual, mgm. 
A-X +0.004 0.000 0.004 
A-Z —0.174 0.009 
B-F +0.691 +0.692 0.001 
B-X +0.043 +0.056 0.013 
B-Z —0.112 —0.109 0.003 
F-X —0.631 —0.636 0.005 
F-Y —0.848 —0.836 0.012 
F-Z —0.797 —0.801 0.004 
X-Y —0.197 —0.200 0.003 
X-Z —0.174 —0.165 0.009 
Y-Z +0.051 +0.035 0.016 
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From Table mean residual mgm. 100 gm. load obtained. 
Since the accuracy terms parts per million the load least satisfactory 
the smallest load for which the balance used, considered that 
the accuracy attained this test quite satisfactory indication the per- 


formance the balance. 


Fig. photograph the beam compartment the remodelled balance, 
with the front aluminum cover removed show the indicator system. 


Conclusions 


From the satisfactory results obtained appears that this method offers 
solution the difficulties procuring high precision balance. phase 
the modification adjustment beyond the scope careful and well trained 
instrument maker, provided advised the interpretations placed 
upon the peculiarities the behavior the balance. 
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ABNORMAL REGION 


GERSON 


Abstract 


Oblique incidence radio observations sporadic reveal both the movement 
and geographical extent these reflection areas. June 1949 two centers 
were observed this method. The first sporadic center developed rapidly 
until included area over the second center was much smaller. 
The velocity the center mass the first area was about 100 km. per hr. 
(in the meteorological usage; i.e., from the SE) and the velocity the second, 
about SSE 270 km. per hr. Drift velocities the ionosphere obtained other 
investigators are about this order magnitude. 


Introduction 


investigation the occurrence and sweep sporadic over the North 
American continent was undertaken with the co-operation radio amateurs 
transmitting the frequency range 50-54 Mc. per sec. That the venture was 
success, will seen below, may attributed directly the co-operative- 
ness and enthusiasm the radio amateurs contributing the program. 


GROUND 


Fic. sketch indicating single and double-hop reflection from sporadic ionization. 
(The propagation path shown the dotted line has very small degree probability.) 


The method reporting the existence sporadic somewhat simple and 
depicted Fig. the radio frequencies involved, the normal distance 
communication restricted radio line-of-sight transmission, distance some- 
what greater than the geometric line-of-sight. However, the appearance 
sporadic sufficient refractive scattering ability will allow com- 
munication distances about km. from the transmitter. The 
skip distance 650 km. determined the altitude and refractive (or 
scattering) ability the sporadic area. The maximum distance about 
2200 km. determined the altitude and extent the cloud and the earth’s 
curvature. Thus, Fig. and represent, for example, two observing 
stations separated about 700 km. When appears approximately over 
the center the intervening region, the two stations which are not normally 


Manuscript received August 18, 1950. 
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radio contact, may establish and maintain contact until the sporadic 
cloud moves away. 


this connection, several types radio wave propagation are commonly 
defined, indicating the number reflections from ionospheric layer. Thus, 
the case described immediately above termed propagation. 
Another mode propagation frequently encountered with sporadic double- 
hop, also illustrated Fig. where and represent the transmitting and 
receiving station, and the point reflection the wave the ground. 
should realized that the ideal portrayal double-hop ionospheric propa- 
gation may complicated the absence the ground reflection, shown 
the dotted path. Also, the effect the vertical boundaries the sporadic 
cloud has not been considered either case. any event, the subsequent 
analysis based upon these simple models single-hop and double-hop trans- 
mission. is, course, possible have triple-hop but such occurrences 
are rarely observed. 


Screening the Data 


Before the data may utilized, they must carefully examined ensure 
that the reported radio contacts may attributed sporadic reflection. 
Thus, any contacts means (a) the direct ground wave, tropospheric 
refracted waves, (c) auroral interacted waves, and (d) ionospheric layer 
reflected waves, must eliminated from the reported information. 
frequency about Mc. per sec., the range the direct ground wave 
limited radio line-of-sight about km. Thus any observations inad- 
vertently containing radio contacts which lie within this distance are quickly 
discerned and dismissed from the analysis. 


Tropospheric refracted waves may extend the range contact and oc- 
casionally even well beyond the skip distance 650 km. Refraction this 
type arises during the existence meteorological conditions conducive the 
formation ducts for the frequency concerned. The proper temperature and 
moisture lapse rates and inversions form wave guide” which may allow 
superrefraction extend the normal range contact considerably. 
temperate latitudes this effect occurs mainly during the summer and affects 
the propagation the smaller wave lengths much more than does the propa- 
gation six meter waves. Depending upon the strength and thickness the 
duct, there limiting frequency below which the duct cannot trap the wave 
energy. While tropospheric refraction Mc. per sec. transmission not 
common, the existence this effect may determined examining the 
meteorological maps and the radiosonde soundings over the geographic region 
question the time the reports. 


Auroral interacted waves are reported many occasions, when visible 
aurora present, observers middle latitudes not normally contact 
with each other. the observers both the receiving and transmitting points 
have directive antenna arrays, found that when both antennas are directed 
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northward, more specifically, towards the visible aurora, these observers may 
establish radio contact. general the signal received during such trans- 
mission fades rapidly and peculiarly garbled, giving the impression that the 
refraction scattered screen violent motion. When reporting, the radio 
amateurs themselves differentiate between contacts made auroral inter- 
action and usual sporadic reflection. Radio contacts frequency 
Mc. per sec. means ionospheric layer refraction are somewhat rare. 
Contacts this mode occur only when the normal layer ionized much 
greater extent than usual. However, the occurrence such unusual electron 
density the region may discerned examining the ionospheric records 
obtained the regular vertical incidence ionospheric stations. 


The observational data are sent each amateur central group which 
carefully screens the data ensure that only observations which may at- 
tributed sporadic are used the analysis. some cases other modes 
transmission are inadvertently included with the primary data; these are 
eliminated according the manner outlined above. 


After the screening process completed, the data are plotted outline 
maps North America. obvious from Fig. only the midpoint the 
great circle path between the two observers need plotted with single-hop 


transmissions. With double-hop transmission the midpoint each half the 


great circle path plotted. differentiate between the two modes propa- 
gation, the midpoint single-hop indicated dot; with double-hop 
indicates each the two midpoints. (See Figs. 2-8.) The agree- 
ment between the points plotted single-hop and double-hop gratifying 
and strengthens belief the accuracy the results. 


Description Results 


During June 1949 somewhat heavy sporadic activity was reported almost 
daily from the vertical incidence ionospheric stations over North America, and 
was observed also the co-operative amateur network. This paper will 
describe results obtained June during the period GMT, when 
very large number reports was made the observers. The screened 
data were plotted the maps shown Figs. map contains all 
observations during the min. period centering the GMT hour indicated. 


Two centers action may noticed 0200 GMT; one rather small and 
located near central Arizona, the other somewhat larger and centered about 
Kansas. The smaller area moved from the SSE average speed 
about 270 km. per hr. during the next two hours, after which was centered 
over northeastern Nevada. During the following hour this sporadic center 
remained almost stationary and after 0500 GMT apparently dissipated 
rapidly inasmuch observations were subsequently reported. The almost 
total cessation movement during the dissipative period seems charac- 
teristic the thus far observed. 
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Fic. Plot sporadic reflections during the hour centering 0200, GMT, June 1949. 


Fic. sporadic reflections during the hour centering 0300, GMT, June 1949. 
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Fic. sporadic reflections during the hour centering 0400, GMT, June 1949. 


Fic. sporadic reflections during the hour centering 0500, GMT, June 1949. 
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Fic. Plot sporadic reflections during the hour centering 0600, GMT, June 1949. 


Fic. Plot sporadic reflections during the hour centering GMT, June 1949. 
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Fic. Plot sporadic reflections during the hour centering 0800, GMT, June 1949 


Fic. Summary sketch showing the movement sporadic areas over North America during 
the interval 0200-0800 GMT, June 1949. 
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The second area sporadic appeared act pulsating ellipse—one 
which originally moderate size expanded (unequally) much larger di- 
mensions and then contracted insignificance. general, the 
(considering each plotted point having unit mass) this region moved 
from the velocity about 100 km. per hr. 


the case the larger area reported above, the mean velocity the 
center mass may low and subject some doubt. This from 
the possibility that the expansion the ellipse may have extended further into 
southwestern Canada; however, reports from amateur radio operators are 
available for that geographic location. The somewhat abrupt deceleration 
the northerly expansion may real; contrarily, may merely indicate that 
the paucity observers southwestern Canada did not permit the true 
northerly limits the reflection area observed. The rapid and total 
disappearance the after its apparent deceleration very marked, 
strikingly shown the nearly complete absence during the hour 0800 
GMT. 

summary the movements the center mass each sporadic region 
shown Fig. Also shown the maximum observed extension the el- 
liptic reflection area, which had major axis about 3000 km. and minor 
axis about 1200 km. The fact that the direction motion this area does 
not coincide with either axis should noted. 


Discussion Results 


Drift wind velocities determined the ionospheric regions observations 
some type ionospheric irregularity have been reported previously other 
investigators. Employing technique similar that described this paper 
Ferrell (5) found speeds 290-380 km. per hr. from the east over the United 
States. Later results (6) show velocities about 360 km. per hr. also from the 
east January and about 170 km. per hr. from the SES With the 
same technique, Gerson (7, found velocities SSE 125 km. per hr. (in the 
meteorological sense; i.e., from the SSE) May. The above results are the 
same magnitude those obtained this investigation. 


Velocities winds the ionosphere have been obtained also noting the 
time appearance sporadic reflections two vertical incidence iono- 
spheric stations somewhat closely spaced. With distance about km. 
between the stations, Mimno (11) found that region cloud required about 
one minute pass from one station the second. this case, the velocity 
was about 3600 km. Dieminger, Goubau, and Zenneck (3) reported 
speed about 3600 km. per hr. over Germany. (4) reported wind 
velocities components velocity from the north speeds km. 
per hr. For region motions, Beynon (2) reported value 430 km. per hr. 
from the east. Mitra (12) found speeds 72-390 km. per hr. height 
km. over England. 
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Meek (10) undertook measurements the speed sporadic clouds over 
Baker Lake, N.W.T, Canada, and obtained values km. per hr. 
Meek’s analysis was essentially single station determination. The drift speed 
was deduced considering the rate change slant range ionospheric 
which when the zenith had the same altitude the layer. This 
phenomenon was interpreted area moving from distance towards the 
station zenith, then moving away the opposite direction. information 
could obtained regarding the direction motion. 


Using the three-station technique for the determination both direction and 
velocity ionospheric drifts, (9) found the directions motion 
the layer mainly from the sector SSE WSW, with movements generally 
from the western sectors. The most frequently reported speed was about 500 
km. per hr. over Germany. general, however, found speeds ranging 
from about 100-1400 km. per hr. 


Perhaps word caution regarding the intercomparison wind velocities 
should made. First, should clearly recognized that all wind velocities 
obtained are based upon fundamental assumption: that any radial velocity 
component away from the earth zero essentially so. marked subsidence 
effects other vertical motions the ionic density were occur, the apparent 
magnitude and direction the determined winds may seriously error. 


possible explanation the sudden appearance sporadic over given 
locality may obtained reference Fig. curves this diagram 
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were obtained from the formula originally derived Appleton (1): 


the above equation the maximum value the radio frequency which 
may employed for communication between two points separated the 
distance located the surface earth radius The symbol indi- 
cates the vertical incidence critical (or penetration) frequency the ionized 
region located altitude This formula was derived for thin ionospheric 
layer, neglecting the effect the geomagnetic field well the effect 
collision frequency. 


there exists cloud sporadic ionization given electron density (so 
that constant) and single radio frequency fmaz employed for oblique 
incidence transmissions, then the left side Equation (1) constant. 
suitable ratio may fmaz/fo 5.0. 


Assume that the ionized cloud originally altitude 120 km. and 
then sinks km. the distance between the two stations concerned 
about 1100 km. found that far the observers are concerned, the 
cloud becomes evident soon reaches altitude about km. 
When the cloud higher levels, these two amateurs cannot establish contact 
and they cannot report the existence the long the frequency ratio 
defined above true. The existence bodily lowering region capable 
refracting scattering Mc. per sec. radio waves oblique incidence has 
been reported from probings made vertical incidence ionospheric stations. 
The above explanation attributing the sudden appearance disappearance 
sporadic area (as observed between two fixed points given frequency) 
radial motion towards away from the earth therefore possible. How- 
ever, the vertical motions area only change the geographic locations 
from which the radio observers may contact each other; the midpoint the 
path remains unchanged. 


should also noted that some observational bias inherent the re- 
ported data because the operating habits the observers. The geographical 
distribution the amateurs operating Mc. per sec. not well distributed 
over the continent. For example, serious dearth observers exists western 
and central Canada both the south and the north. Obviously, also, the hours 
operation influence the data. 


may thought that because the absence obstacles the altitudes 
concerned, wind velocities 100 km. determined anywhere over the globe 
would closely similar. However, conceivable that atmospheric heat 
source arising through insolation may exist somewhat below 100 km. this 
case, diurnal and seasonal effect the wind velocity may occur over any 
particular geographic point, and, unequal insolation occurs, the wind veloc- 
ities may fact differ different localities. Thus, some reason exists for not 
believing priori that winds 100 km. over Ottawa, for example, are directly 
comparable with motions the same altitude but over Calcutta. 
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